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the role of both splicing factors in peripheral nerve
formation.
Invertebrate and vertebrate glia are often considered
as fundamentally different, because they do not appear
to share the same molecular programs, which direct
early cell fate specification. Moreover, unlike their verte-
brate counterparts, invertebrate glia do not form myelin
sheaths although they do extend complex processes to
enwrap axons. The respective roles of the splicing fac-
tors HOW and QK in invertebrate and vertebrate glia
highlight a striking parallel in the use of determinants
regulating late differentiation programs that are relevant
for glial functions such as axonal ensheathment. The
findings of Edenfeld et al. therefore clearly have brought
invertebrate and vertebrate glial biology another step
closer.
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Possible Role of Adult-Born
Neurons in Epilepsy
In a new study in this issue of Neuron, Jakubs and col-
leagues report that adult-generated hippocampal
granule cells develop particular functional properties
when their birth is induced by epileptic seizures. The
new neurons showed reduced excitatory synapticinput and decreased excitability. Their functional inte-
gration was thus adjusted to the prevailing functional
state in the network. By this means, adult neurogene-
sis might contribute to network homeostasis in the
epileptic temporal lobe.
When adult hippocampal neurogenesis, which had first
been described in 1965, was rediscovered in the early
1990s in the context of neural stem cell biology, even
the earliest reports that linked neurogenesis to aspects
of brain function noted that adult neurogenesis ap-
peared to respond to ‘‘brain activity.’’ Examples in-
cluded the dependency of adult hippocampal neurogen-
esis on excitatory input to the neurogenic region in the
dentate gyrus (Gould, 1994), the response of neurogen-
esis to behavioral activity and experience (van Praag
et al., 2000), and the upregulation of neurogenesis by
experimental seizures (Parent, 2002).
Today we know that adult neurogenesis is quite di-
rectly influenced by neuronal activity, and presumably
this control is exerted on several stages of neuronal de-
velopment. Even ex vivo precursor cells can sense neu-
ronal activity and translate it into a signal to initiate neu-
ronal development (Deisseroth et al., 2004). Early
GABAergic input to the newborn cells further drives their
maturation until full integration into the neuronal net-
work is accomplished (Tozuka et al., 2005).
Excitatory input from entorhinal cortex into the den-
tate gyrus, where adult neurogenesis occurs, was
found to keep adult neurogenesis at a low level, while
loss of glutamatergic input increased neurogenesis
(Gould, 1994). This excitation-dependent suppression
is thought to be NMDA-receptor-dependent, although
a few open questions remain. Given this observation, it
seemed at first surprising that the pan-synaptic activa-
tion of other non-NMDA glutamate receptors, notably
kainate-sensitive receptors, dramatically upregulated
adult hippocampal neurogenesis, and numerous other
seizure models essentially showed the same result (Par-
ent, 2002). For the physiologic net effect of glutamate on
adult neurogenesis, the balanced action of different glu-
tamate receptor subtypes seems to be required. Sei-
zures quite generally increase adult neurogenesis and
do so by several mechanisms (Figure 1). The obvious
question was whether this response was another indica-
tion of pathology or sign of an endogenous regenerative
response.
One of the two independent studies (Bengzon et al.,
1997; Parent et al., 1997) that had first reported the in-
duction of adult neurogenesis by seizures came from
the groups of Olle Lindvall and Merab and Zaal Kokaia
at the Wallenberg Centre in Lund, Sweden. This same
group has now added a new important step to this
research by demonstrating how the new neurons
themselves might actually function in the pathological
situation.
In their report, published in this issue of Neuron,
Jakubs et al. show that new granule cells that are formed
in the pathological context of seizures show certain
electrophysiological properties different from those pro-
duced under a physiological upregulation (i.e., voluntary
wheel running) (Jakubs et al., 2006). New neurons were
labeled with a GFP-expressing retrovirus and analyzed
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Seizure activity affects various developmental stages within adult neurogenesis. These consequences range from effects on cell proliferation of
different types of precursor cells (Huttmann et al., 2003; Jessberger et al., 2005) to migration defects leading to ectopically positioned new gran-
ule cells (Scharfman et al., 2000). Integration of the new cells is altered, too. The new neurons might show abnormal growth of basal dendrites
(Shapiro et al., 2005). But their functional integration is sped up (Overstreet-Wadiche et al., 2006). The new study by Jakubs and colleagues adds
to this picture that the newborn cells receive reduced synaptic input and show reduced, not increased, excitability (Jakubs et al., 2006). This
observation suggests that the new neurons appear to adjust their functional status to their local network environment. They might thus help
to compensate for pathological excitation in epileptic seizures.by patch-clamp recording. New neurons produced un-
der seizure conditions showed reduced excitability, al-
though the cells matured into functional granule cells
that were by other standards indistinguishable from
physiologically produced neurons. But they received
increased inhibitory and reduced excitatory synaptic
input, suggesting a key role of the local network environ-
ment in determining the functional status of the develop-
ing new neurons. Hippocampal neurons tend to keep
a homeostasis in overall network activity; the new result
is that the newborn neurons take part in this process.
The authors speculate that seizure-induced neurogene-
sis might serve a function in compensating for the path-
ological activity that is part of the ictogenic process.
Therefore, adult neurogenesis might even have a thera-
peutic potential in this context. This might well be, but
the key insight from this study is rather fundamental:
functional maturation and integration of adult-born
hippocampal neurons is specifically influenced by the
local microenvironment. Because seizures affect the en-
tire hippocampus, the new neurons grow into an altered
network environment. Whether the contribution of the
new neurons, if seen in the context of the entire network,
really amounts to a compensatory net effect remains
to be seen and will require the inclusion of network
modeling studies.
One might of course ask whether the reduced synap-
tic activity in the newborn cells might rather reflect a de-
ficiency (in that the environment just cannot provide the
adequate synaptic input to foster normal functional inte-
gration and maturity) than a specific compensatory ac-
tion. The new neurons might also just flow with the
tide of general network homeostasis under seizures.
The interesting fact, however, is that this pessimistic
view would somehow miss the point. The new neurons
do function quite normally, and their ‘‘deficiency,’’ if itis one, goes exactly in the balancing direction. The find-
ing alone that new neurons in seizure environments are
not hyperexcitable, but actually reduced in their synap-
tic activity, would have justified a noticeable report. The
potentially balancing action of the new neurons in a
hyperexcited network makes the findings even more
compelling.
Still, what are the medical implications of this obser-
vation? Epilepsy is the disease state resulting from the
occurrence of seizures. Clinically, single seizures do
not justify the classification of a condition as epilepsy.
Most animal models of epilepsy, though, are actually
models of seizures and, strictly speaking, do not repre-
sent an analog to human temporal lobe epilepsy. But be-
cause seizures might ultimately constitute epilepsy, the
reductionist approach is meaningful and useful. Prob-
lems might nevertheless occur when specific compari-
sons between the animal model and the clinical condi-
tion in humans are attempted.
The key question in the context of a possible link be-
tween adult hippocampal neurogenesis and epilepsy is
whether epilepsy is cause, consequence, or mere by-
product of a seizure-related disturbance of adult neuro-
genesis. That an association between seizures and neu-
rogenesis exists has been proven beyond doubt by
many groups. The nature of the relationship between
this mechanistic fact and the disease state is far less
clear.
Within this complex context, the report by Jakubs and
colleagues cannot (and does not attempt to) give a com-
prehensive answer to the question of which role adult-
born neurons play in epilepsy. Frotscher, Haas, and col-
leagues have made the point that only a few seizure
models in rodents actually mimic characteristic patho-
logical features found in human temporal lobe epilepsy
(e.g., Heinrich et al., 2006). Choice of the mode of seizure
Channeling to the Nucleus
L-type voltage-gated calcium channels (LTCs) may
control neuronal gene expression by increasing
nuclear Ca2+ levels or regulating Ca2+/calmodulin-
dependent transcription factors. In the November 3
issue of Cell, Gomez-Ospina et al. demonstrate
another signaling mechanism, in which a C-terminal
fragment of LTC translocates to the nucleus in a
calcium-dependent manner and directly regulates
transcription.
Multitasking ion channels manage to control not only the
flow of ions across the membrane but also intracellular
signaling, including transcriptional regulation, as exem-
plified by voltage-gated calcium (Cav) channels, which
mediate Ca2+ influx in response to membrane depolar-
ization and regulate key cellular responses such as
contraction, secretion, synaptic transmission, and dif-
ferentiation in many different cell types (Catterall et al.,
2005). The brain Cav channels are composed of pore-
forming and voltage-sensing a1 subunits in association
with a transmembrane disulfide-linked a2d subunit and
an intracellular b subunit. Among the five types of brain
Cav channels (T, L, N, R, P/Q) that are delineated by the
pharmacological and electrophysiological properties of
their different a1 subunits, L-type channels (LTCs) pro-
duce 1,4-dihydropyridine (DHP)-sensitive Ca2+ currents.
These currents are an important source of calcium entry
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937induction, severity of the seizures, time course of the ex-
periment, and several other variables have a strong in-
fluence on the results and prevent easily generalizable
conclusions from different studies. In addition, strain
and species differences abound: some mouse strains
do not show hippocampal cell death under seizures,
whereas others do. In rats, prominent sprouting of basal
dendrites has been observed, but this appears to be ab-
sent in mice (Plumpe et al., 2006; Shapiro et al., 2005). In
some models, but not others, ectopic granule cells show
up in the hilar region (Scharfman et al., 2000). Finally, the
question remains disputable of whether or not prolifera-
tion of hippocampal precursor cells in the adult pro-
duces granule cell dispersion, one of the morphological
hallmarks of temporal lobe epilepsy, or if this widening
of the granule cell layer is a preceding malformation
that predisposes for seizures (Heinrich et al., 2006; Jess-
berger et al., 2005; Parent et al., 2006). Similarly, the
present study stands in some discrepancy to findings
reported by Overstreet-Wadiche and colleagues, who
found that the functional maturation of new neurons
was accelerated under seizure conditions and resulted
in persistent hyperexcitability (Overstreet-Wadiche
et al., 2006). Scharfman and colleagues had been the
first to show that ectopic hippocampal neurons gener-
ated in a seizure model might behave strangely in that
despite their abnormal location near CA3, they fire with
dentate granule cells (Scharfman et al., 2000). Morpho-
logical evidence has also suggested that seizure-in-
duced neurogenesis might contribute to pathology
rather than regeneration (Parent et al., 2006) and that
prolonged seizures might actually damage the potential
for adult neurogenesis (Kralic et al., 2005). Such appar-
ent contradictions cannot be easily resolved. They indi-
cate that we are dealing with a highly complex matter.
A unifying theory of adult neurogenesis and epilepsy
remains a long-term goal.
But the new report adds a new twist to the issue. Nei-
ther a possible contribution to pathology nor a possible
contribution to regeneration is the key issue here.
Rather, the new neurons appear to adjust their physio-
logical role within the neuronal network to accommo-
date the pathological situation of hypersynchronization
and hyperexcitability that threatens the physiologic bal-
ance of network stability and plasticity. Such fundamen-
tal insight does not explain epilepsy, but it tells a lot
about adult hippocampal neurogenesis and its sophisti-
cated activity-dependent regulation.
Gerd Kempermann1
1Max Delbru¨ck Center for Molecular Medicine (MDC)
Berlin-Buch
Robert Ro¨ssle Strasse 10
13125 Berlin
Germany
Selected Reading
Bengzon, J., Kokaia, Z., Elme´r, E., Nanobashvili, A., Kokaia, M., and
Lindvall, O. (1997). Proc. Natl. Acad. Sci. USA 94, 10432–10437.
Deisseroth, K., Singla, S., Toda, H., Monje, M., Palmer, T.D., and Mal-
enka, R.C. (2004). Neuron 42, 535–552.
Gould, E. (1994). Ann. N Y Acad. Sci. 743, 73–92.Heinrich, C., Nitta, N., Flubacher, A., Muller, M., Fahrner, A., Kirsch,
M., Freiman, T., Suzuki, F., Depaulis, A., Frotscher, M., and Haas,
C.A. (2006). J. Neurosci. 26, 4701–4713.
Huttmann, K., Sadgrove, M., Wallraff, A., Hinterkeuser, S., Kirchhoff,
F., Steinhauser, C., and Gray, W.P. (2003). Eur. J. Neurosci. 18, 2769–
2778.
Jakubs, K., Nanobashvili, A., Bonde, S., Ekdahl, C.T., Kokaia, Z.,
Kokaia, M., and Lindvall, O. (2006). Neuron 52, this issue, 1047–1059.
Jessberger, S., Romer, B., Babu, H., and Kempermann, G. (2005).
Exp. Neurol. 196, 342–351.
Kralic, J.E., Ledergerber, D.A., and Fritschy, J.M. (2005). Eur. J. Neu-
rosci. 22, 1916–1927.
Overstreet-Wadiche, L.S., Bromberg, D.A., Bensen, A.L., and West-
brook, G.L. (2006). J. Neurosci. 26, 4095–4103.
Parent, J.M. (2002). Epilepsy Res. 50, 179–189.
Parent, J.M., Yu, T.W., Leibowitz, R.T., Geschwind, D.H., Sloviter,
R.S., and Lowenstein, D.H. (1997). J. Neurosci. 17, 3727–3738.
Parent, J.M., Elliott, R.C., Pleasure, S.J., Barbaro, N.M., and Lowen-
stein, D.H. (2006). Ann. Neurol. 59, 81–91.
Plumpe, T., Ehninger, D., Steiner, B., Klempin, F., Jessberger, S.,
Brandt, M., Romer, B., Rodriguez, G.R., Kronenberg, G., and Kem-
permann, G. (2006). BMC Neurosci. 7, 77.
Scharfman, H.E., Goodman, J.H., and Sollas, A.L. (2000). J. Neuro-
sci. 20, 6144–6158.
Shapiro, L.A., Korn, M.J., and Ribak, C.E. (2005). Neuroscience 136,
823–831.
Tozuka, Y., Fukuda, S., Namba, T., Seki, T., and Hisatsune, T. (2005).
Neuron 47, 803–815.
van Praag, H., Kempermann, G., and Gage, F.H. (2000). Nat. Rev.
Neurosci. 1, 191–198.
DOI 10.1016/j.neuron.2006.12.004
